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ABSTRACT 


I 

Hit  taut  program  iltncribed  in  this  report  was  designed 
to  determine  tha  feasibility  of  using  a  vitiated  air 
ham  tar  for  tha  PLUTO  facility  from  tha  mtmndpoi.it  of 
burner  stability  and  combustion  efficiency  over  a  wlda 
r*»ga  of  opsrating  condi t Iocs,  Tha  haatar  wan  evaluated 
*t  design  pressures  and  tarnparmturaa  consistent  with  tha 
proposed  tasting  envelope  using  liquid  propane  fual. 
Combustion  praeauraa  war*  varied  fro*  h?„  to  A 91  pal*  and 
•lr  waight  flows  from  15  to  216  pounds  par  second. 

Stmbla  combustion  was  found  to  axlst  under  mil  oparmtiag 
conditions .  Flow  mixing  devices  wars  avaluatad.  Perfor- 
**nce  of  80-octane  fual  was  invastigatad.  A  combination 
chamber  flow  racirculmtor  and  threa  fual  injection  con¬ 
figurations  wart  avaluatad .  Tampara tura  profile#  across 
tha  outlat  proved  relatively  flat.  The  feasibility  of 
using  this  burner  for  PLUTO  facility  air  heating  was 
established. 
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3. .  0  SUMMARY . AND . COM  C. I,  TO  I  QMS 

Ihf  ir  it  is  Led  air  heater  if.  suitable  for  uni  id  the  air 
h*»t«T  in  th*  PLUTO  facility,  Lxaminstlon  of  tint  burn- 
•r  interior  after  tha  taat  program  showed  that  thara 
wirrt  no  carbon  deposits  laft  in  th®  burner  or  on  tba 
**lt  ori flea  af tar  a out  2000  gallons  of  propane  fual 
Iwdt  been  coiauaid .  Temperature  control  was  precise  and 
response  extremely  rapid.  At  no  time  did  the  burner 
ttisd  to  become  unstable,  even  during  rapid  fual  and  air 
How  tranalanta  while  coming  up  to  test  points ,  Qaa 
analysis  indicated  no  CO  was  present  au  the  exhaust  gas 
stream  with  either  80- octane  or  propane  a*  th*  fuel 
veigure  3  1 .  Temperature  protiies  were  generally  flat 
across  the  burner  discharge  with  the  final  configura- 
tion,  (figure  ;»  ).  Both  hydrogen  ignitor#  and  spark 
plugs  were  successful  is  igniting  the  burner.  The  use 
of  one  turbulator  in  the  upstresn  position  proved  the 
sottt.  tJ  fectfve.  A  combustion  chamber  flow  recirculato.” 
proved  ineffective. 

Combustion  efficiencies  ranged  fro*  8?%  to  98%  showing 
a  Maximum  at  values  of  V*  4-5  (."««  Figure  1  >. 

op 

Although  the  bulk  of  the  documentation  points  Stave 
lower- than- optimum  values  of  V  ,  optimum  sizing  c.f 

DP 

the  full  scale  PLUTO  vitiated  sir  heater  will  be  mads. 
Tiis  inherent  stability  of  this  heater,  together  wt  th 
its  transient  capabilities,  provide  n  flexible,  effi¬ 
cient,  and  most  economical  solution  to  the  air  heating 
problem.  Therefore,  the  stored  energy  typ»  heater 
currently  specified  for  transient  heating  in  the  pre¬ 
liminary  design  criteria  will  be  eliminated  to  provide 
substantial  savings  in  facility  coat. 


Modified  Dezubay  number  {See  Paragraph  5.1) 
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Friar  to  Mi,»  I960  effort,  the  PLUTO  flight  r-gi 

*  '  *  »cil.s. ty  preliminary  design  specified  * 
vitiated  air  heater  „o  provide  th  required  war 
tiilfhi  Data  flow  ( PiM  pps  at  HOOT  end  6lO  pnl 
Till*  »1  tinted  air  heating  approach  wan,  selected 
at  th*  Urge  cont  savings  over  stored  ana 
or  <  i rec t -  type  heaters •  tn  order  to  assure  t 
f aaaibl l  tty  of  such  a  large  vitiated  air  haatar 
•«  aiparlaaotal  test  pr ogres  was  authorized  dur 
i960'  us Inj  n  ecnl  e  node)  boiod  urv*n  the  Mai"'iu»]- 
Sudden  Expansion  (.’.IJK)  burner 


iif..2  Hi*  objective*  of  this  test  program  war# 

a)  Dost  jit,  .fabric*,  is  and  tast  a  high  -  pressure 
diract  burning  type  beater  that  will  serve 
■*  a  scale  model  for  construction  of  the  full 
»«■!•  WE-OTO  fa  cl  11  ty  air  heater. 

bl  Determine  the  aoat  suitable  burner  coufigura- 
tlo  | (fuel  injectors,  flow  alier  location, 

*tc,  >  to  obtain  the  highest  efficiency,  good 
outlet,  taaparaturs  profiles,  end  no  object  ton- 

able  exhaust  product®, 

■c )  Evaluate  this  most  suitable  configuration, 

over  the  whole  range  of  the  required  facility 

performance  davelepe,  including  both  steady- 
•tata  and  transient  conditions 

d)  Determine  the  above  using  propane  and  one 
alternate  hydrocarbon  iu«l. 
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ti«T  program  w«n  *)tvid«d  .Into  two  phones: 

. . Mrner  . . . 

tt~T‘  .  ***  eomaidarad  in  this  plume  were . 

l MI  injector  design  and  turbulator  (flow 
mixing  device)  location. 

h)  jg&jLaaaa«ji-saijoti. imutii  c«fu,r». 
IiUir2.!£!I . of . required  . " 

MLiilSHSl*  1  “fin*  thin  pie . ,  M,  sample* 

**•  t*7#,‘  trom  burner  discharge  «»»«,*, 

TO  "Sl,S*d  1°  UUrmia*  thm  P»rcenu*M  of 
(pile  '  2*  raw  fu*1  Pr*“«nt  i«  the 

n«r?^rJ7  '""‘e  7r*  **d#<  0f  total  the 

t^  nrfrrir  «aak““*?d  «»•  P*>««  •>  portion  of 

«  program,  FJv#  of  the  renal  nine  is  rune 

the  perform,  of  L  f ^  a- 

*t*  ob tainad  during  the  ph*e*  a)  p,!rt  ef  u 
prcf;r«  and  to  evaluate  a  spark  pi.,*  an  ignition 


3.J  The  teats  were  divided  into  five  group#: 
*)  reeirculator  evaluation, 

b)  turbulator  evaluation, 

c)  fuel  injector  evaluation. 


d>  “""1  "odel  configuration  performance 
tion,  and 
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lated  «  nn!n  r!v*nd  temperatures  which  slau- 
ri  u  ‘  r  the  required  operating  envelope, 
•he  actual  values  of  flow,  temperature  and  pressure 
used  on  each  test  are  shown  m  TABLE  !  i„  ,  , 
fo,..nc.  document.*  ton .  tt. 

up  i  j  It  A  jr  #  required  ooArAt  i  ntr  .nu  i 

4 uiiva  operating  envelope  eiccept  th# 
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PROCCDUU  ■■  continued 


5»  5  continued 

■mutiiwwi  pressure  point,  54*.  pal*,  Thia  point  was 

nut  ii ttainable  within  the  air  system  limits  of 
KJL-VN.  By  the  time  thm*  baa  tar  had  been  ignited 
•ad  air  flow  brought  up  to  the  maximum,  tha  air 
atoraga  praaaura  bad  dropped  below  that  required 

to  obtain  tha  high  praaaura  points,  Maxlmua  con . 

bastion  chamber  praoaure  obtained  was  491  p»i«, 

5,4  Two  fuel#  ware  used  in.  tha  tawt  program,  liquid 

propane  and  flO-octane  gasoline.  All  configuration 

evaluation  taste  and  tha  final  configuration  per¬ 
formance  documentation  were  run  using  liquid 
propane.  The  80-oetana  gasoline  (4**  used  on  four 

rwufts  to  provide  data  for  comparison  of  heater  pat . 

formance  on  each  fuel , 

3,3  *11  tests  were  run  using  ambient  temperature  inlet 

*ir  from  the  600  pal  air  storage  system.  Air  flow 
was  controlled  by  positioning  a  10-inch  rotovalve 
i»  the  air  supply  line  to  give  the  desired  pressure 
«1;  the  heater  exit,  DifforeV  pressure  vs,  flow 
eharact arts tics  were  obtained  by  using  different 
»1»  exhaust  orifices  with  toe  heater i 

3«6  The  desired  heater  exit  gas  temperature  was  ob¬ 
tained  by  regulating  the  fuel  flow  into  the  burner 
with  a  manually  controlled,  pneumatically-operated 
Annin  wall#, 

3.,?  Tlie  recirculator  evaluation  tents  were  terminated 
after  two  runs  due  to  re circuit  tor  overheating. 

Beta  wan  obtained  from  only  one  run.. 
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4,1  M,!L~¥Kf  FaeiliUsa 


The  teat  wsrs  conducted  Jn  Cull  7  a  t  HJL-VJI, 

This  call  iu  designed  for  aerodynamic  and  combus- 
tlo#  tenting.  The  air  supply  r/stea  wan  modified 
to  provide  a  connectl on  directly  to  the  600  pal 
tanks  so  that  air  weight  flows  up  to  350  lbs/sec 
at  600  pal  are  available  for  blowdown  tenting,, 

'wtis  is  shown  on  Drawing  703951 . 

An  Independent  fuel  aye tea  was  provided  consisting 
of  a  300  gallon  run  tank,  fuel  altering  apparatus, 
and  fuel  flow  control  valve.  This  la  shown  on 
Drawing  702951**  A  fuel  tank  pressurizing  ays  ten 
allows  the  teak  to  be  pressurised  with  nitrogen 
up  to  1000  psl.  The  fuel  ays ten  will  handle 
liquid  propane  and  all  common  hydrocarbon  fuels. 

The  fuel  ays  ten  le  shown  in  Figures  3  sad  A.  A 
hydrogen-air  ignition  eye  ten  wen  initially  pro¬ 
vided  for  combustion  tents  (Figure  5).  Later  an 
aircraft-type  apart  plug  was  installed  in  each  of 
three  positions  located  axially  along  the  length 
of  the  combustion  chamber  just  downstream  of  the 
step.  In  each  case  the  plug  was  installed  with 
the  electrode,  flush  with  the  inner  wail. 

A  control  shed  contains  the  fuel,  system  and  igni¬ 
tion  system  controls  and  the  test  item  instrumenta¬ 
tion.  Air  flow  is  controlled  fro*  the  Cell  3  control 
room.  Telephone  conmunicuti ons  is  provided  between 
the  Cell  2  and  Cell  7  control  shed.  The  control  shsd 
is  shown  in  Figure  6. 

For  this  test,  the  cell  was  opera  ed  on  an  ambient 
inlet  temperature  blowdown  basis  with  the  burner  ex¬ 
haust  open  to  atmosphere  through  the  facility  exhaust 
ducting.  Air  was  used  fror.  the  6  00  pai  storage 
ays  tea  to  provide  the  pr eanurea  and  flows  required. 
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Th*  iiM  burner  usadl  An  the  test  cnnniaiad  of  cm  8 
inch  nil  a  i»  inter  Inlet  section,  tt  12  inch  diameter 
c o* b u a t i cm  c li « aber ,  nnd  nn  f!  i  n c h  rH  i 1 1, ■  *  t * r  0 K (•, ; i u n  t 
pip#.  Photographs  of  the  burner  are  ..hown  in 
Figured  ?  ,  8  ,  y .  1  And  «  section  in  ohown  in 

Fig t,i i**  i.i The  burner  w an  made  up  of  five  spool 

aectlone.  <  The  upstream  section  consisted!  of  a 
straight  8  inch  diaaeter  pipe  with  provisions  for 
measuring  inlet  air  total  temperature  anti  pressure. 
Thin  section  was  not  water  cooled.  The  second  flec¬ 
tion  (which  in  the  combustion  chamber  ?  conn  in  ted  of 
an  8  inch  diameter  inlet,  expansion  plate,  a,  short 
I,<?  inch  dim  me  ter  section,  fuel  injectors,  and  ig~ 
nitore.  The  third  section  consisted  of  a  plain' 12 
inch  pipe  spool .  The  fourth  section  consisted  of 
a  18  inch  pipe  .npcol  reduced  to  8  inch  diameter  nt 
the  downs tree a  end.  This  section  contained  tempera¬ 
ture  and  pressure  rakes.  The  fifth  reel ion  mb 
plain  8  inch  pipe.  Sections  2,  5,  nnd  h  were  water 
cooled. 


Three  type®  of  fuel  injectors  were  tested;  a  90° 
filot  type ,  •  60°  slot,  type,  and  a  ring-splash  plate 
type,  The  nossilen  were  inserted  through  Swagelok* 
fittings  in  the  expansion  plate.  Photos  of  the 
fuel  noulea  are  shown  in  Figures  1  ?,  1J,  lb,  and  1  *j. 

Plow  Mixing  devices  ( turbulators)  were  tested  in  two 
locations,  downstream  of  the  second  section,  and 
downs treae  of  the  third  sections.  The  turbulators 
were  water  cooled  orifice  plates  with  8  inch  diameter 
openings.  They  were  installed  between  the  spool  sec¬ 
tion  flange  faces.  The  turbulator  is  shown  in  Figure 
1  (Tll»  carbon  deposit  resulted  fro*  80-octane  testing. ) 

it  flow  recirculator  was  also  evaluated.  It  con¬ 
sisted  of  a  water  cooled  cylinder  inserted  into  the 
combustion  chamber  in  the  second  spool  section. 

The  recirculator  in  shown  in  Figure  1?. 


•fiwagelok  is  «  registered  trademark  of  the  Crawford 
Fitting  Co.,  Cleveland,  Ohio. 
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to  inlet  reducer  was  provided  me  that  the  burner 

could  be  operated  at  a  different  inlet- to-eon- 
biuttion-chsaber  urea  ratio.  Tbe  'bara.tr  ignited 
•ad  burned  stably  using  the  reducer,  but  the 
turbuletor  overheated  end  melted.  Apparently 
the  reducer  focused  the  combustion  flea*  on  the 
turbuletor  end  thereby  treneal tted  sore  heat  to 
the  aetel  then  the  cooling  water  could  resore, 
lo  data  wnn  obtained  with  thle  configuration. 

Flee  exhaust  orif leas  were  provided!  to  allow 
evaluation  of  burner  performance  at  a  rung#  of 
teaperatures ,  flows  and  pressures •  Thsee  orifices 
were  inserted  between  the  flange  faces  of  the 
fourth  and  fifth  spool  sections,  k  typical,  exhaust 
orifice  is  shown  in  Figure  lrt. 

4 « 3  I n a t runs n t *  t i o n 


The  burner  was  instrumented  to  treasure  the  follow¬ 
ing  paraaeters:  air  flow,  fuel  flow*  inlet  air 
temperature  and  pressure,  exhaust  gas  temperature, 
and  exhaust  gas  pressure. 

Air  flow  was  measured  with  as  ASHE  sharp-edged 
orifice  in  the  air  supply  line.  Pressure  upstream 
of  the  orifice  and  orifice  /if  war*  displayed  or  a 
photo  panel  in  the  control  shed. 

Fuel  flow  was  measured  with  turbine  type  flow  meters 
upstream  of  the  flow  control  valve.  The  flow  was 
indicated  as  %  of  maximum  on  «  gage  on  the  photo 
panel . 

Inlet  air  total  temperature  was  measured  with  an 
iron-constant  thermocouple  probe.  This  temperature 
w«*  displayed  on  a  "Lewie"  direct  reading  tempera¬ 
ture  gage  on  tbs  photo  panel.  Inlet  total  pressure 
was  Measured  with  two  probes  manifolded  together 
and  connected  to  *  pressure  gage  on  the  photo  panel. 
The  pressures  and  temperatures  were  measured  in  the 
same  vertical  piano. 
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<*,0  AMMMWIB  -  e«  tinned 

J  lantrumsutatlou  ■■  cniuaid 

Rxluuit  f««  s;  amps  m  turn  wan  moaaursd  at  sevan 
points  aeroaa  the  diameter  of  the  Pamir  with 

an  equal  a  ram  raka  Chrom«l~aluael  tha . moeuuplee 

war#  used  aa  meaning  alamaota.  The  taaparaturaa 
wart  displayed  on  *'L«cA«""  dlraet  reading  tamparm* 
tura  ir«g<».  «*a  the  photo  panel. 

Inhaust  gas  total  pressure  wma  aaaaurad  with  * 
total  prasnura  rake  loomtad  in  tha  mama  vertical 
plan  •«  tha  tampers turn  proha.  This  praaaura  win# 
Indicated  am  *  gag#  lacatad  on  tha  photo  panel. 

Combustion  chamber  wall  taaparaturaa  ware  ntaaaurad 
at  four  point*  along  tha  length  of  tha  cbanbar. 

Thes#  measurements  war#  used  for  control  purposes 
only.  Tha  data  obtalnad  iron  these  readinga  was 
not  unad  to  evaluate  bo mar  parforanaca. 

Croling  water  temperature  waa  aaaaurad  with  on* 
thermocouple  at  tha  supply;  point  to  tha  burner 
and  a  separata  ooupla  at  each,  cooled  section  to 
tha  discharge  water  taaparatura.  Tha 
flowrate  of  water  to  each  auction  was  also  aaaaurad. 

A  photograph  of  tha  photo  penal  record  of  a  trot  run 
Is  shown  in  Figure  19. 
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5 . o  mscussiom . or  asmis 

3.1  Tha  varioun  buraar  configurations  tan  tad  war# 
avslua tad  on  th#  basis  of  cosbustion  efficiency 
and  tamperaturs  profile  In  tba  axhaunt  gat.  Tha 
combustion  efficiency  as  us  ad  hart  is  defined  as 

tha  ratio  of  actual  gas  taaparatura  riaa  to  ideal 
tanparatura  rise,  th*  actual  taapara tura  risa  wan 
tlat@riin.td  by  a 'ding  tha  gas  taaparatura  loss,  dus 
to  heat  lost  through  tha  water  cooled  walla  to  tha 
aeariurad  gas  tempers  tura  risa  through  tha  burner. 
The  idaal  tanparatura  rise  is  th*  not  which  would 
occur  if  tha  fuel  was  completely  burned  to  CO,,  and 
11., 0,  The  taaparatura  profile  in  the  exhaust  gas 
wJiis  measured  directly  with  .ha  taaparatura  rake. 

Combustion  efficiency  is  plotted  vs ,  a  modified 
Detubay  number,  V_,  where  V  is  the  gas  velocity 

DP 

through  the  burner  In  ft/sec,  I)  is  the  exit  block¬ 
age  ratio  (burner  flow  area  minus  exit  orifice 
area  divided  by  burnei  *low  era*  A^-  A 


and  P  is  the  Absolute  pressure  in  the  burner  in 
pale.  Efficiency  date  it  summarized  in  Figure  1, 

5.2  The  recirculator  evaluation  testa  wore  terminated 

after  two  runs  because  of  inadequate  cooling  of 
the  recirculator.  The  first  run  was  made  at  low 
flow  and  the  cooling  problem  was  not  apparent. 

The  second  run  wan  made  at  high  flow  and  the  re- 
circulntor  overheated.  The  data  obtained  from  the 
second  run  showed  that  there  is  no  particular  ad¬ 
vantage  in  using  the  recirculator  since  combustion 
efficiency  for  thin  tent  was  75%. 

5.3  Final  analysis  of  the  fuel  .injector  evaluation  tents 
indicated  the t  the  best  combustion  efficiency  was 
obtained  with  the  60°  slot  nozzles.  A  comparison 

of  the  efficiencies  and  temperature  profiles  for 
each  fuel  injector  using  one  turbulator  in  th#  up¬ 
stream  position  is  shown  in  Figures  20,  21,  2? 
and  23.  From  the  data,  it  can  be  seen  that  there 
is  not  a  large  differ-vnc®  in  efficiency  between  the 
60®  and  90®  clot  nozzle?..  The  slight  improvement 
with  the  60°  nozzles  is  explained  by  the  fact  that 
the  fuel  in  not  forced  into  the  high  velocity  core 
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*7 , 0  Dl:j CUSS lOW  Of  HESULK  -  continued 

ri,  "i  continued 

of  air  entering  the  burner  aa  much  as  with  the 
90“  slot  aoasilea.  Thin  a lloua  more  of  the  fuel 
to  remain  in  the  recirculation  gone  behind  the 
step  where  it  can  burn  wore  completely^  The 
poor  performance  of  the  ring  end  splash  plate  is 
explained  by  the  fact  that  the  fuel  la  injected 
directly  into  a  high  velocity  stream  and  ±a 
curried  downstream  before  it  cam  burn  completely. 

5.4  The  turbulator  evaluation  teate  indicated  that 

higher  combustion  efflclenciM  ware  obtained  with 
on#  turbulator  in,  the  upatraaa  position.  A  com¬ 
parison  of  combustion  efficiency  and  temperature 
profiles  in  the  exhaust  gas  for  each  turbulator 
location  la  shown  in  Figure#  24,  25,  .26,  27,  and 
28,  The  miaul taaeoua  us a  of  two  turbulatora  pro¬ 
duced  a  vary  high  pressure  drop,  and  yielded  the 
same  efficiency  an  that  obtained  with  juet  on* 
turbulator. 

The  increase  in  combustion  efficiency  with  one 
turbulator  in  the  upstream  position  can  be  ex¬ 
plained  by  the  fact  that  the  turbulator  creates 
a  lerge  turbulent  low  velocity  area  in  the 
annulus  upstream  of  the  turbulator  face.  This 
low  velocity  zone,  plus  the  low  velocity  zone  at 
the  step,  provide  a  larger  volume  in  which  combus¬ 
tion  can  take  place.  The  overall  effect  ia  to 
increase  the  fuel  stay  time  in  the  combustion 
chamber,  thereby  permitting  complete  combustion. 

‘/.b  The  performance  documentation  runs  were  made  to 

demonstrate  the  heater  performance  over  the  entire 
envelope  of  pressure  and  temperature  indicated  by 
the  PLUTO  testing  requirements.  The  test  points 
were  chosen  to  simulate  the  gas  velocity,  tempera¬ 
ture  and  pressure,  which  the  full  scale  heater 
would  experience.  These  test  points  are  listed 
in  TABLE  i .  The  configuration  used  in  these  tests 
consisted  of  one  turbulator  in  the  upstream  posi¬ 
tion  and  the  90°  slot  nozzles.  The  90®  slot 
nozzles  were  chosen  after  a  preliminary  survey  of 
the  data ,  subsequent  data  shows  that  the  60°  slot 
nozzles  give  slightly  better  combustion  efficiency. 
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i  ">  continued 

Th#  conbumtion  •fflcitncy  a  .id  ttmptratur*  profile* 
for  rh«  document,  in  tion  run*  »r«  shown  In  Figures  I, 

■ ' ,  *?9  -  !> 5 ■  The  sffi  curacy  on  aJ  l  runs  show  ® 

d#fliut,«  trend  to  increase  to  •  manrimua  of  9‘j 100% 
•it  V  ■  4  to  S  »ncl  than  deermns*. 

"-"dp 

'p.6  A  sample  of  exhaust  gaa  waa  m.ulyzed  for  relative 
concanti aclons  of  CO.,,  CO,  N,,  H.,0,  and  unbv.*n«d 
fuel.  The  analysis  Showed  nfe  C0‘  Indicating  that 
the  combustion  of  the  percentage  of  the  fuel  which 
was  burned  was  complete.  A  small  amount  of  un¬ 
turned  fuel  wan  found  In  tl.  sample  by 

volume  on  one  teat  run),  This  amount  of  unburnea 
fuel  corresponds  to  a  combustion  efficiency  of 
84. 1%  for  this  run  and  agrees  with  the  efficiency 
calculated  from  t«*at  date  (84%) , 

>  ?  A  ssries  of  four  runs  we;  e  made  using  80-oc  t  a  ne 
gasoline  instead  of  liquid  propan*.  Thane  runs, 
when  compared  with  liquid  propane  runs,  show  the 
effects  of  each  fuel  on  combustion  efficiency  and 
temperature  profile,  Thera  parameters  are  com¬ 
pared  for  both  fuels  in  Figures  54 ,  ,  and  ,56., 

After  the  80-octane  gasoline  runs,  a  deposit  of 
soft  carbon  was  noted  on  the  inside  of  the  heater 
Thin  indicates  incomplete  combustion  of  the  fuel. 

No  carbon  deposits  were  noted  after  any  of  the 
liquid  propane  runs.  The  presence  of  carbon  would 
disqualify  this  fuel  for  use  even  though  the  nimbus 
tion  efficiency  in  aa  good  an  that  obtained  with 
liquid  propone.  Samples  of  the  combur,  tion  pro.i.rt., 
from  the  o0-  octane  run.-,  were  analyzed  to  determine 
relative  c  nr  ent  rat  ions  of  CO,,  CO,  N ,  0  ,  HO,  and 
unburned  hydrocarbons.  Tne  results  of  thltr.e  hn.-ily  e 
showed  no  CO,  uivi  some  unburned  hydrocarbons,  in  ad 
dition  to  trie  gat  eoun  constituents.  The  lack  of  CO 
shown  that  the  fuel  which  burned  did  »o  completely 
(to  CO  and  H.,0 ) .  The  cent  of  the  fuel  either 
passed  through  the  he  ter  unburned  or  was  decomposed 
to  free  caroon  and  hy..ogen.  The  decomposition  of 
some  oj  the  fuel  ir-.  indicated  by  the  carbon  deposits 
found  in  the  heater  after  tne  Ku- or t nne  run’ 
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iiii!  lilt  * iiwi J'.lii  plug  poei •tl.iau  teeied'  umi.  ng  pro.. 
IIMibii  fuel,  imp «•  l;,iNll  Ignition  sttiiiijitu  it n :il 
prolonged  operation  old  not  d  linage  l; In  m ip «i r hr 
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Tin #  overall  burner  performance  shown  n  i«u« v k <a iri 
diffic raaae  tin  coabuntlon  efficiency  for  high  «,l.r 
II  o#ii  (above  ,100  lb/a  as ) ,  whan  using  the  up* 

. . .  With  no  turbulator,  thw 

efficiency  im  low  for  oil  now*  but  n-.ll  «*.. 
hlblta  the  trial  to  lowor  efficiencies  at  high 
f r O'li  this,  it  cam  to «  deduced  that  th* 
efficiency  tin  a  fiactioa  of  the  volume  tipintruniui, 
of  th*  turbula tor.  ha  pointed  out  la  th*  twr- 
httl.fi.ter  avaitui  ttoo ,  th*  turbulator  eervea  to 
increase  the  low  velocity  aona  in  which  burning 
c».#  be  stabilised,  It  alto  thoroughly  •!«»« 
tin#  burned  and  uabu-red  gaeeee  ae  th*y  pasa 
through  th*  tur bain tor  erlfle*.  Thla'  ala lag 
quenebaa  the  flam*  fa r  th*  low  overall  fu*l 
mir  ration  involved  in  thla  aariaa  of  t*ata  'by 
mining  the  lute  end  air  to  below  the  ainiaua 
lu'ti  air  ratio  for  a  coabua  tibia  nlxturo.  Mov- 
Is!.*  the  turbulator  do waa tree*  would  provide 
■ort  voluaa  for  nurnlag  end  allow  wore  of  tbo 
!«*l  t*  burn  3»far#  the  tlrnu  wan  quenched. 

!th»  optimum  .location  of  th*  turbulator  would 
provide  the  beet  efficiency  for  the  range  of 
(low*  and  t  •■pe"-»  tur*a  desired .  In  add  It  ion, 
previous  testing  with  an  1.8"  dlaaeter  burner 
eoaflraed  th*  fact  that  burner#,  could  be 
scaled  with  dependable  combustion  stability. 

This  1.8"  burner  was  designed  using  stability 
pa  raaeters  obtained  from  a  6"  dlaaeter  model 
tent  program.  Th*.  scale  Tac  tor  in  this  caae 
wiib  9:1  (area  wise )  end  ia  identical  to  the 
BC».,.#  factor  between  the  PLUTO  model  heater 
•mi  the  full  scale  PLUTO  heater. 


